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(57) Abstract 

PROBLEM TO BE SOLVED: To provide a method for 
manufacturing a low-resistance tungsten film and such a 
structure where a gate electrode and a source/drain area 
can be formed through two resist exposure steps, in a 
gate electrode of a MOSFET having tungsten film. 

SOLUTION: In the formation process of a MOSFET, an 
element isolation region 2, a gate insulation film 3 and 
a gate polysilicon film 4 are formed successively on a 
siicon substrate 1, and then a titanium nitride film 5 
is formed thereon. Further, the titanium nitride film 5 
is recrystalized, so that a tungsten film 6 to be formed 
thereon is made to be at low resistance. Next, in the 
formation process of a CMOS, the region 2, film 3, film 
4 of ^ 0.35pm in width on the film 3, film 5 of ^0.35^m in 
width and of <10nm in film thickness on the film 4, and 
film 6 of ^0.35^m in width on the film 5 are formed on 
the substrate 1. Thanks to such a structure, a gate 
electrode and a source/drain region can be formed by 
performing resist exposure step twice, ion implantation 
and heat treatment, and at the same time, such a 
structure where no mutual Diffusion of impurities in the 



gate electrode is generated can be realized. 
COPYRIGHT: (C)1998,JPO 




^mttt&mm 2 



<i9)e*@*raiF/r (jp) 



«2) & h 4$ st & & ca> 



#H^10- 12869 



(51)IntCL ft 
HO 1 L 29/78 
21/28 
21/336 



3 0 1 



F I 

H0 1L 29/78 
21/28 
29/78 



30 1G 
3 0 1 A 
3 0 1 P 





4tB78- 159829 




000004237 














(22){fUBH 
















SI 






























#3± St* BW 


(*2«) 



©4) ismox&m ^wmm^ijptnmc^jm 



(57) 

[11] i(>yxf>|gMt4MOSFETOy- 
[B?iJt^g] MOSFETJ&fiKtCfctvr. >>U3>S 

JbK^-r £ > 6 <o&mm< tzmmrz. 

-Xic. CMOSj&Stefc^T. >"J3>»«i±k:. m 

<om0. 3 5 urn IUT<D#')i")^>m4. BuiS^'J^ 
■J =J 0 . 3 5 u in tlT-C^J? 1 0 tv^m<om 




y 



Wt-Wt >m 5 



^- f- t-mmm 3 

— $/ 'J a 1 



t 



(2) 

1 

<fc D *c S h ^g^r^m iT6 ^ t*eB<!>K£# 

or, s<b**>*«»gB<bTsxg*. 

i T S4^»^g^»^*fto io 

[««3B4 ] ft**! 1 coy- Mi^Mt^Iltcfe 
tf£»b**>«*#l^*Xgfcjto^ y-Hft» 

•J > r ; =i >Jg4 % b5IB^ »Jy'j3 >J8g_b<E>flgJ¥£* 1 0 nm 20 

[ooo n 

[0 00 2] 

[mt<Dftffi] fi£fc<*:D. ¥*#iaB, ^SCMOSFE 
T©W4tt^fctt. »JlltfbtcJ:&. »{b£iCftg{b<fc Q 

n-eticD^f **ia3©aas#*» <^o, K34b#*Btt 

0 , y-x * Fu-f >««ccit^. y-F«ai*. Bl« 
fficc-rs!£*3&«**swa*"e©ffittA«5 o ^ gg4g 40 

[0003] S£*~C«, W*tt* m 1 2©ffi*C!>y- F 
«ffi«Ki©MO S F E T(D— ^©K®©fcg:^{C^r<fc 5 

saar*4. ccr, Sft^^>Btt. 2>yx^>M so 



10-12869 

2 

4 * 'J Is V n >H<?:©JSS«I*!1J^-C^^ 0 

t<2>0 1 4<D^>£^ h4, gulB©Sl KDV-F 

ffifb«. Fe^<z>fifi!Sfb3W^*'r*i. y-F 

ta{b»i»t7*i. 

[0 00 5] 5^CC, 3>5r^ FOfifflaafb«JS©»J5S 
Xgtt. • FU-f>«««:JBiaLfc«©Xgr* 

0 . y - X • F U- Y >«tS<O^Ftt«J<Offi«3ftS4 G -5 fc 
6 5 0°CgS«±coXg«^r^^cc^ t^U 

y-F«s©(SJasfb«ai©»j5Exgtt. v-x- fu 
>««*jgflErsBJ«)xgr*sfc«). 6 5 0 °cgg 

[0006] 

or, #y^y=i>K4j(ffiL^iiij(i4*«sj£i, % act 

WW»BBBL#.^U*-/ FS (MiLa. 0 u 

^C4#SBfla<!:3Q:orC>*o Wit«, ri 9 8 3^ is 

F • y - ^>fx^xx7-f • ry*yy-->3 

X 40-4 1E (Silicides for V 
LSI Applications, p. 4 0^4 1, 
1 9 8 3) J CCCi, 600 'C«±CDj»teBI6C J: •) , ffifit 
*©iBflr^>yx-f FK3&«BJ5dEStl*C43&s 

[0 00 7]—*. y-Ffi*0. 3 5*imJMT©Wtt 

l^cai?t*^a©nMOSF ETtecfcCfpMOSF 
ETrSfiS^n^CMOS^Mt^^^, pn 
F«fi^m$^CCj:«ffiaaa{b«S«affiL^: 

(CSSE-T 3 W»©«ES£IS*sfifcC. MO S F E T(Ott 
tB**YtS#sci^*i^ri^s. ri98 
9^5>g. 5»^^a • ^> • y-rxjuxxT-r . ^ 

^yPi/- • #4 isx-sX h • *7 - T-Z — IJfts • y< 
29-30E Symposium on VLS 
I Technology of Technical 
Papers, p. 29 — 30. May. 1 9 89J 

«cac, zisVs\T^isW4 KR*tiiD^ffls:tasec 



t 



(3) 

3 

pMOSFET<DL#C^fii^±^-r^Ci^le|g 
[0008]«±(DCiJ:0, ^^t^j^*';^ 

r 1 9 8 8^, - V >; F • 7 ^l/A, ^ 

16 6^ 1-141, (Thin Solid Fi 
lms, vol. 166, p. 1^1 4. 1 99 6) J 

ft-jtOfco SI r 1 9 9 5^6^. -J 

•n>y T U>X, 1 68-1 74M, (VLSI M 
ul ti level Interconnect ion 
Conference, p. 1 68^1 74, Jun 
e. 1 9 9 5) J {CjK3*rCl*£. XT' Zs 

!Stt. TAWf 'J 3 VfflK^f >J n > Wfc«DJ»$K:Jt 

[0009] XlC. SfcfcCDp n y- F &flkttl 
CMOS^Mt^ nMOSfcMpMOS^h 

•en, y-nsty-^- Fu-f>««*-/*>ffiA 

*Wr*CMOSt»Bfr*»^. #>^X7*>^<tK 
j£»«W*«c>&ab % F*ffi^<D:?W»«Aara« 

• FU^>««^©^«S!z»A©ft:«>«C. U^KDg 

xtf, ri 994¥l2fl, r-r • - • -r - • • 

— 5^3 :J*JU - il/^ h n> - "r^AX -5—^ 40 
-/ >^ * ^r9z-ij)\, - ^-/^xXh, 497—500 

(IEEE International Ele 
ctron Devices Meeting Tec 
hnical Digest, p. 497 — 500. 1 
9 9 4) J fciaiSSirCl»4. 

cooio] jh±. a^T*fcSffc**:>«±©*>y 
tt t y-x - Ku^>«a®«xs©acc?f3btiifc 

ft. 6 5 0*C^S«TCO^mr®Stn{b^^£T^^ 50 



^§fFF 1 0 - 1 2869 

4 

c<D»^cc6, ffifiifift©fcai>lcX:fo&*fc 

j8/*U^KDK/2in J^TT^>€>COT\ 6 5 0 *C 

&<D<Effif*<fc©#ffite. y-h«*ioi'C<o(KfflitYfcr* 

ffl*Lfc«. TJi^~^«*j&arr*x«:0s. 

3- 1 5 5 6 3 2«c6B*3tiTC>S. L*»U mit?* 

>«©ww i o o nm&« < . 3aww>4>(<:sw- j; 5 
©9 5 o'caymjemicjzz^i'Z? bm&uma. y- 

X- KU-f>««*JBl«Lfca©xeT*0, MftV 
iWBfty- Ffi^O. 3 SraiiaTOMOSFETCCBflEffl 

[0012] £t±i£^fcc:it*BjRrra. 

[o 0 1 3 ] m 1 ©wastt. »fc**>«LhfcigfiRL, 

/t £ > ^X ^ >«D«!ojWB <«C*Cir*5. 
[0 0 14] #2 nMOSFET^Cfp 
MOSF EToy- h«S<by-x - Kl/^>jB«*h 
*ft*»J«T*^W*A©/c«>«e. 4g<DUv 1 X r-<D 

[0016] *IH8<DffeCDBWU:, n MO S F E TfcJ: 
O'pMOSFETOy-htSiV-X' Fu^>Sl£ 
*n^*»JiET4^«tt3IA©fcft©u^x KDB#. 

[0017] 

±«cy-F««*jpfiw*xati/r. ^a<t*> % ^ 

*J»«B1 3! T > * T 4»^MStC cfc 0 ?t ^ XH£ w 

[0018] *mi<Dm£Viz>7X7'>m%m?z>Y 
a*jBar*xsti/r, d>a< £fcMfc**>««B 

[0019] ^xm<Dissm^>^f>»imr^ 



t 



(<0 

5 

ft. >pu<ti>. mitz-z^mzBi&u. 3 hitm&ik 

[0020] *mi<Dm&Vi * > y* f>i*wt 5 y 
- hsg©«j*tj. y- nisa*. m&o . 35 umm 

[0 02 1] *^<DfiffitS^>^7->^=SrWT5-y 
-hm®©ffe©8Ji»tt. y-HSgrt*. 4l#0. 35m 
m UT-cmm ft 1 0 nm*$5GDfifb^ £ >M i . * > ^ 10 

[0022] (romance, mit^^^mcomm^it 

[0023]f2(C. g{b*£>lg©J^£ 1 Onmfcji 
[0 02 4] 

[JS9J©*te©J&@] ^^©H^c^Jco^r, H 20 

[0 02 5] 

tm i ©*m<£] is i ©n^^fco(,»raM*#p. 

* > y* ^ >jg*wr & y- h ^s©jBa^att. jwt 
©iio-e*&. a-r. uv^^m&i±icm*frmm® 
2. y- F*g^®3 «r^ex-r-5. *k:. tgccy-ms 
t&s* y->y =j>^4. mit^-aomb^imo. s 

e>(c. Ifi&JMbSrfT 5. S&K. fUSUfbC/cMfb^* 
>«5 l±«Cf >^f>16 (200nmfclT> 30 

[0026] ^{C. fi 1 HSfe^!S-C*S^ 1 ©filSCi3» 

>y;*7->R*wrsy- hm«©^5E#&©fiMfflfttf} 
^«:oi>Tiftwr2>. s-r. spy^y3>K4 (200 

BpS, nMOS©«^«nlfCF-f>^l,t. pn 

y- hme^strs. -e©±©M{b^$>^5 (20 

0 nmWT) «. 'J ^ »g 4 t^CC^TS £ > y 

afl^^ffomsAtreffiRifiroMayi (eoo-c 

«±. jfiFS 0 < «6 5 0 "CKLh. 8 0 0 -C«±T5aimAS 
-C6 0#t(T) "Cff 5&©-C*-5. *fct*l;Uf. 

Ti3^-C<0m^M (600 *C«±. jff £ L < it 6 5 0 
•C«±. 8 0 0 -C«±-C3S!llR*JSi«r 6 0#«T) 7*7 
^t>©r*s„ cn6©^b^-^>Jg±«:^> 

yxf->^6 (20 0anWT) **S^S<t. 



1 0- 1 2869 

6 

[0027] 

[fH 2 ©gessjgffi] ^2©ie56ff^«:ouTBffi 

?:#BB0Ti?fflK:i»Wr^ o E 4 St^GST £ <!: . WZ<D 

fciT©ji o y- h mmt. * y y =i >b 
T'«&<gfb*£ >I5T«sS3nri>5 0 cotftitT' 
s>tnt. jj<yi/y3>^©h--f>y©xs*5^ii<t 

[0028] ^fC, » 2 Q&ttjgfltc&sar 2 ©fijgfci 

£>yx^>jg£*rrsy- h^@©^*s©i¥StBfe 
^{coti-cm^-rs. g-r. s<t*$>m5 (200 

ff^. «*.«. 05£#K?-f5<!:. Stt^jOfltQBIS 

JHb£gfg4i-e©&*!ig (600 -CJWi. » * V < » 6 
5 0 'C&L±.. 8 0 0 -0^0:^/1**511^. 76 0 WA 

Mm (6 0 0-CtLh. jfT* 0< «6 5 0t«±, 8 0 0 

C*i^)©»k^*>Jg±{Cdr>y^^>S6 
(2 0 0nmt(T) ©fc?$>ioeSS 

[0029] 

im3<ommmm) ^«c. ^3©*6fe^{cr>t,^-caffi 
[s«!n$>y^-r>e*WTsy-h^a©^3§«. ^ 

y n >S« ltc. 2 0 0 0 nmWT©^^©^^!!!^ 
2 m$ 5 0 0 nmWT) . -e©raES©y- h^)P3 

mm iorm&ffi) . ^©y-h^jg±©. *§o. 3 

5umWT©#y^y 3>I4 (m/S2 0 0nrnWT) . 

-e©3j<y>'yn>Mi:©. (so. 3 5 am vrrcomit? 
*>m5 (mmiommm) . -e©^<b^*>M±©. 

^0. 3 5 Atm «T©?>^Xf>«6 (K^C2 0 0nm 
JWT) 7^3*1^., 

[0030] ^ec. ^3 mmmv$>zm 1 ©<g«5x$ 
>yx7-»^5rWTsy- hm«i©^©i¥Sffl!i«BjK: 

ot»r«Mr*. 09mi1-5t. «^«fil«2 
m$ 5 0 0 ndWT) «i«^©MOS F E Tf8J©t!S© 

^s^spfd-r-s. y-h^#M3 osui o»$i) « 

MOSFET©«8I. ^y^yn>Jg4 (If200 
rniWT) «MOSFET©y- Sfb?5 
(K/?l OnrofcrS) «. 5Pyi"j3>S4 tSib 

^^»i5±©^>yxT->M6 t©sfc.*«isij-rs. 

^©#y->y 3 >m^©^^Bj^A©^. ^b^ 
^>M©K^*n 0 nn*ii©Jg^-{j. «f^(fij©^«iB5ffi; 

3^^CMOSr»2SBlM-C^S. 3 p n y 



C5) 

7 

- h t8ii{C:te<,>T. # >J is 'J 3 >M4 *©^;ffrBj©n M 
OS<LpMOSRa©fBSffiSfc£flPS3JU L^Uffi^E^ 
Ij^OMO S F E TOD^aS&^WJ-r^. $>^r 

>g 6 «->•*- hmgoffiffiin-ft^n^-rs. 

[003 1] 

z&mLxwmicmwfz. mi ozmmrzi:. sn2 
©ffistn^y^^M^w-r &y-- h^e©^«. 

> '} 3 >®E 1 fc. 2 0 0 0 nmWT©H^©^^8l«I 
mz m$ 5 0 OnmJJlT) . ^©^©y- h&#M3 10 
(IgJll 0rm*iS) . Z<Dlr'-Vtmm±<D. SO. 3 

5 At ro &.T<Dmt*i* >K5 OnmfcTF) . -£© 

OgJ¥4 0 0nm«T> 

c o o 3 2 ) m4<omtmmv^m2o>{miA 

cco^rift^f z>. aio*#M-r-5i. ^^9-^^ 

2 5 0 0 nriWT) UttStOMO S F E T^OlBS 

<0&WtZfi9ffl-r*>. P-hHMMS <J&/¥ 1 0 nmfcTF) 
ttMOSFETC*SE mtZ-Z^mS (M1 00 20 
rrnfejg) tiMOSF ETOy- HSi&4. ^ 
4b?#»g5tt. IgJll OnimfcSS-rfc, 5r>^Xf>® 

6 <t y- \-&mm3 tom&zwm-r &c 3 

*W»©*-CMOS FET©l,£l=>ffiSJEE#ifcrr&o 
[0 03 3] J&Lh. JS3 iff! 4 ©ISiS^SS* 
Mjt $ >®©JgJ?d* 1 0 nn*ji©ig-£. m 3 ©HJfeJfc 

terns, * > i^x ?- ^m&ffi&o* >j^©^f 

*G*J^A#oTt6£&£. SS4©flifeJ&*g-e*£. 30 
£>^©T«c#y^>J:n>^^j£L,fcl>*&£. ^ft? 1 
£>M(g#l 0 m«T<!:St>7c«>«C. *>y*7->|g© 
f±^HK©^"CMO S F E T©l/#l,>ffi^E£9«rc# 
•5. S£o-r\ ^b^*i/jg©M/¥tt. \0rm*mtmit 

[0034] 

[3«SCT] «T. *«BJ©SU60i|K:o(,>T. 0M£#Bg 

[0035] <5ttfew 1 > m 1 ©jtfefffccoor . a® 
trr s y- h m@©s3^a©-a5©^is^?riK 

SSJ£2 (^/?3 0 0nm) . y- hlfilU83 (Jgi56nm) 
®4 (S^lOOnm) . gtt**»g£5 (JSJI5nm) £ 

mmo. ifigAfuaa&fT?. mk. pass 

^*>Rh«Ctt, egtS^*>y^f >M=Sr^SCi*i 
■C# £. 50 



1?BiPF 1 0- 1 2869 
8 

[0036] ^tc. m 1 ©iafefisi©fft©*s*. mm* 
it*^m^mfm. ooo-c. 3o#)-c?t^„ c©# 

[003 7] 2 &tc, IS 1 ©HiS0«©ffe©^ 

£. sa^Kuritt^-r-s. 03«{Bffi£ifc*>y* 

^utcm^mmm-c$>^ m 1 <rmmmo>m.{t^^iy 
m>m&&{t*Ti'*~7ijxtym2m ooo-c. 3 

[0038] <Hife0l2> ^2©flS6^K:oci 
r. 0®*#Euruiwr*. I34ttffij£infc£>yx 

f >M«:Wr5y- hmg©t3®^©— gi5©jg^F9?r 

Sf^CC. a^^l^Sm©^t^^>J^5 1±K 
^>^7=->^6 (M^4 0nm) «JS8Tr&. C©«fc^ 

«. TP'Jly'J^ >m^<D F - 1 > y©Xg3&s^S i tc 

[0039] ;x«c. m2<ommm<of&a>^m^ mm* 

tmmmx-$>z>. mzvmmmomftz-z^mon&a, 
itzmmtpmsim ooo-c, 3 om -c?f *>. c©^ 

[0040] s 6cc, 'Xic. m 2 (omsmoy^cofsm 

€r. SM5r#MUr|ftWrS. 06«<gffitfi&£>y;* 
7->IS?r^rT6y- hm®©S®^ffi©-gi5©HJfe^l^ 
^b/cm^KMH-C^-S., 3r2©S«t0i|©^b9 1 5'> 

mmi&ikiteT>*:~-7iix$> mum ooo-c. 3 
om rtf). c©^ffi«:j:-,rfc. s^^bb/c^b 

[004 1 ] (HSfeCT3) i>C{C. ^3©HfiSWK:o^ 
>y^7->^«rWr-5.y- h^S©t*j§©^i60O«r^L 

wrsy- hmffi©t»jt«. y =»>s^ 1 «c v 200 

0rmtD?£m<Dmttmmt$2 (§l?3 0 0nm) . *OBB 
^©y-hlfe^{i3 (M16nm) . ^-©y- h|g^M± 



9 

CD. *I0. 3 5 um VLT<D#>) >'J=3>SI4 (Jg/Sl 0 
OnmK *©#y*>'J=i>HJi<D. HO. 3 5/imJ^T 

CD, $10. 3 5//m«TO^>^f>I6 (MJ14 0 

»; > 'J 3 > JR i £ > y * >JR**Kl£ L «c c * « 4* 

^r^<0^«»l£»«:«^fl»SiJ?ttC>5nni"C*S. 
H8«C7*Lrfc, *»W6cj:S*>y^^>Kt«r 

[0042] (mmm4) xk.. *4©g«fcwtoc> 
utcw&tmmwmxihz. mi<oiB3B£i*>?xT>m 

OOr^miK0X^mM2 («3-3 0 0m) > *CD 
IBIB©^*- HBHW3 (WV6nm) , -^CD^*- hlfilUR 

±(D, $so. 3 5 //m ycr&mitmismb mmsn 

m> , -e^fb^^>K±CD, ffgO. 3 5**m «T<E>* 
>Wr>06 «f lOOnm) tMliJ&Siitl*. C C 

f">JB3CUSJCE OtttHa IS <, )Cpo; mosfe 
yxr>I©^>- FfiIn4^*f^m&K4<Di8{&cD 

«C. 6 5 0 •CJa±r©fi»!Kft3W^-Cfc 0 , 8 0 0 *C 

6%j&Lhffi»T#s. mMmommtbrte. 6 

l»Jtr4fca{rc*S. 

[0 04 4 ]JM±. y-hlg(DU^^^>^f> 

[0045] cct\ z^#*<r^m$mfc$c&*>. m 



(6) 4$Pi]¥ 1 0 - 1 286 9 

10 

[0 04 6] fi{t**>K<E>KS* 4 l 0nm*«|-C*SC 
[0047] 

{bLTt>£/ctf>r&£ 0 

[0048] <Dj»*tt, HWfiKC* 1/ ^ "J 3 > 
i"C*S. -eoiitt, MOSFETcDL#l><B^EE 

[0049] 03 CD3$!)m«:. h««*©^«K![>ffi 
[00501^4 <DJ»*W:, ©B*Xg<D'9JS 

K.5fc^"C*^ 0 «x.(^. CMOSj&OPSecw:, 2gCD 

[005 i ] *5osa»«. h«a«c#vsy>;3> 

e t o u # c >mmm$: »r ^ 5 /c^-C^ 3 e 
30 [HEcDS^ftift^] 

CHI ] *»9JK:J:S. f>«^>K*«T*y- h 

[H2]*»WK:J:5, 4r>yx^>g|*=sr4y- h 

«l<0«JS*ffi<3!>— WCD»T®«^Hr ^ -5 o 

as©» jg^ffi©— ^9cDKH« ^ir ^> s 0 
CH4] *»wcc<t5 % *>yxy->ai*=»-j-*y-h 

ess] **wcc«fcs. *>y**->K*=rr*y-h 

CH6] *«wecj:s k *>y^-f->«*«-r*y-h 

CH8] **9BCC<tS, »y^f>B4*T4MOS 

so «ffi©»ao— wcoKBttsa-c**. 



# 



0 



(7) 



11 

[HI 0] *&WlcJ:Z>. ^>yxf>i^t^y- 

[011] S£*(DCMOS-Y>^*-^CDU^T^ hm<D 
[114] S£*<D^>^x>^^W^^^>^^ htSJ 

[Hi 5] ^©*>^*^>K£*tr£-2r- h^gco 



1 0- 1 2869 

12 



* 1 




2 




3 




4 




5 




5 1 




52 





[01 ] 



[02] 



5 3 7>*-T*J»te3lft<DSft**>IB 

io 7 y- hms®jn^ 

9 MHt&KR 

1 0 n* $/cttp* n> 

[03] [04] 



00 



esssesesss* \ 



mMHtufc 



3= 



Qt) 



1 



0>) 



3222SSSSB" 



»*t^* >w 51 



*>5fX-?>a6 fe> 




[05] 



[06] 



17] 



CO 



0>> 



8Efc*$>Dt 52 



Q>) 





□ 4.5 

a 



4 

X 3.5 
3 



W/TiN:40nm?ioonnv 




0 400 800 



1 2] 




y— hiasuR 3 



(8) 



^fwJ^P 1 0- 1 2 869 



[ill] 



40 



1.5 



1.0 



0.5 



0.0 



nMOS 

v'J D>»0:1OOnm 
^><f^T : >He:40f*n 

* >itA:SOIeeV. 3Ei5cnT 2 
- Vq:2.SV 



y 



0 5 10 

[^1 0] 



Wlj .„ „ riOSOtt 



^-y-MHWR 3 



[115] 



(a) 




£ >^Xf>I 6 



f-^-h«w 3 

\*T»(t«* 2 



2t>— 50ft« 



1 3] 



14] 




1 



